The purpose of this study is to evaluate the effect of disodium cromoglycate (DSCG) on gas exchange and ventilation during incremental exercise in asthmatic children with an FEV1 fall less than 15 percent from the baseline after the exercise. Seventeen children (aged 8 to 14 years) with a history of mild to moderate asthma but no clinical and spirometric evidence of exercise-induced asthma (EIA) underwent two maximal exercise tests in a randomized order: test A without premedication and test B after inhalation of DSCG, 40 mg. To evaluate the effect of DSCG on normal airways, nine healthy children performed the same exercise protocol. Pulmonary function was normal at rest and after treadmill exercise test (the mean postexercise fall in FEV1 was 5.9 percent in test A and 1.5 percent in test B). Gas exchange, minute ventilation (VE) and heart rate (HR) were monitored during running in both tests. In the asthmatic subjects, there were no differences in oxygen uptake (Vo2), carbon dioxide output (Vco2), and VE at rest between the two tests. During exercise, VE, VO2, VCO2, and energy cost (EC [02 ml * kg-l . m-']) of running in the asthmatic subjects were significantly lower in test B Physical activity in children with asthma is generally encouraged and can be accomplished safely after pretreatment with inhaled drugs. 13 The purpose of this study is, therefore, to evaluate the effect of premedication with DSCG on ventilation and gas exchange during the treadmill exercise test in asthmatic children who show a FEV, fall lower than 15 percent after an exercise performed without treatment.
The purpose of this study is to evaluate the effect of disodium cromoglycate (DSCG) on gas exchange and ventilation during incremental exercise in asthmatic children with an FEV1 fall less than 15 percent from the baseline after the exercise. Seventeen children (aged 8 to 14 years) with a history of mild to moderate asthma but no clinical and spirometric evidence of exercise-induced asthma (EIA) underwent two maximal exercise tests in a randomized order: test A without premedication and test B after inhalation of DSCG, 40 mg. To evaluate the effect of DSCG on normal airways, nine healthy children performed the same exercise protocol. Pulmonary function was normal at rest and after treadmill exercise test (the mean postexercise fall in FEV1 was 5.9 percent in test A and 1.5 percent in test B). Gas exchange, minute ventilation (VE) and heart rate (HR) were monitored during running in both tests. In the asthmatic subjects, there were no differences in oxygen uptake (Vo2), carbon dioxide output (Vco2), and VE at rest between the two tests. During exercise, VE, VO2, VCO2, and energy cost (EC [02 ml * kg-l . m-']) of running in the asthmatic subjects were significantly lower in test B Physical activity in children with asthma is generally encouraged and can be accomplished safely after pretreatment with inhaled drugs. 13 An exercise bronchoprovocation test usually is utilized to evaluate the ability and safety for asthmatic children to engage in a physical exercise. This evaluation, however, does not reveal the consequences of disease on metabolic function when the organism is physiologically stressed, as during exercise. 3 The children suffered from mild to moderate asthma'2 with a duration of disease of 1 to 13 (7.5 ± 3) years. All patients had a typical history of episodic breathlessness and wheezing and relief of symptoms with use of bronchodilators. None of the children was limited in daily life because of the disease, and most of them were engaged in a regular physical activity. Thirteen children had a positive skin prick test to one or more allergens-(Dermatophagoides pteronyssinus, Dermatophagoides farinae, grass pollen). A history of atopic dermatitis was present in three patients. At the time of the study, the usual therapy was DSCG in six children and beclomethasone dipropionate in two children. All medication was withdrawn at least 24 h before testing.
In order to evaluate a possible effect of inhaled DSCG in normal subjects, nine healthy children (five males and four females) underwent the same exercise protocol. They were recruited from local schools and were not matched with the asthmatic patients. In this group, the age range was 7 to 15 (11 + 2.6) years. They had no history of asthma, atopy, or other respiratory disorders.
The parents gave informed consent for-their children to participate, and the study was approved by our Institutional Review Board.
Exercise Testing
The children underwent two maximal exercise tests on a treadmill (PK Morgan Ltd, Gillingham, Kent, United Kingdom) in a stable laboratory environment (temperature, 21 to 24°C; humidity, 50 to 70 percent). The two tests were performed in the afternoon, at least 2 h after a meal, in a randomized order on different days (within 10 days): test A (baseline) was done without premedication (empty capsules) and test B, after inhalation of DSCG. In test B, two capsules (40 mg) of DSCG were inhaled via a Spinhaler 30 min before exercise.
Spirometric measurements were performed at rest and at 5, 8, 11 , and 15 min after the run. They included forced vital capacity (FVC), (FEVy), and forced expiratory flow between 25 and 75 percent of the expired vital capacity (FEF25 757s) measured by a 10-L bell spirometer (Biomedin, Padova, Italy). For this purpose, each child performed at least three forced expirations from full inspiration in the standing position, and the best was accepted. '6 In test B, the spirometric values taken at rest 30 min after inhalation of DSCG were used as the baseline. In both tests, as values of postexercise FEV, and FEF25 75%, we chose the lowest values among those recorded at different times after the exercise. The maximal reduction in FEV, and FEF25-75%, ie, the percent postexercise fall of these two parameters with respect to baseline, was calculated. Exercise-induced asthma was excluded according to the criterion of a less than 15 percent FEV, fall.'2-14 The predicted values were those of Polgar and Promadhat. '7 The children were connected via a fitted mask and a corrugated tube to a spirometer and a gas analyzer (Biomedin), which was calibrated with standard gases before each test. They breathed through a 40-ml dead space low resistance three-way valve at the mouth and a second emptying valve at the spirometer, as described in detail previously."1 After a resting period of 3 min, the subjects ran to exhaustion at a speed of 6.5 km * h-', while the inclination of the treadmill was increased by 2 percent every minute. They were periodically incited throughout the test. The observation of at least two of the three following criteria was necessary to consider that the subjects had performed a maximal exercise test: (1) composition of the expired air, collected in a mixing chamber.
The 02 concentration was analyzed by a paramagnetic 02 analyzer and CO2 concentration, by an infrared CO2 analyzer (Biomedin).
The VE (L-min-1), VO2 (ml-min-1-kg-1), VCO2 (ml-min-' *kg-'), respiratory rate, and HR were measured and displayed every 4 s; a computer printed out the averaged 30-s values. We measured the two following parameters of aerobic response to exercise: the peak Vo2, taken as the highest Vo2 achieved during the test, and the anaerobic threshold (AT [02 ml-min--kg-']), identified indirectly at the point where hyperventilation with respect to Vo2 occurred, with an increase in the ventilatory equivalent for Vo2 (VE/V02) without concomitant increase in the ventilatory equivalent for Vco2 (VE/VCO2) as previously described."" 18 The EC of running, ie, the amount of 02 consumed per unit of body mass and running distance (02 ml-kg--m-1), was calculated as the ratio of Vo2 above resting divided by the running speed.'9 The HR was monitored by a cardiofrequency meter (Sport Tester 3000, Polar Kempele, Finland).
Data Analysis
Results are expressed as mean + SD unless otherwise reported. Statistical analysis included the paired Student's t test to compare the data between the two tests. Analysis of variance (ANOVA [repeated measures]) was used to compare, from rest up to the last minute of the run, the time course of the respiratory variables between the two tests. In order to detect a possible correlation between the degree of airway caliber at the end of exercise and the ventilatory work load, we compared the difference between the FEV, fall of tests A and B and the difference between the maximal minute ventilation (VEmax) in the two tests by a linear regression analysis. The limit for statistical significance was set at a probability value of less than 0.05.
RESULTS

Asthmatic Children
Pulmonary Function Tests: All children performed both tests without experiencing wheezing, cough, tightness of the chest or other respiratory complaints during and after the test. The results of lung function, expressed as percent of predicted, '7 are presented in Table 1 .
Exercise Testing Results: The exercise testing results are summarized in Table 2 . During the run, VE (Fig 1) , Vo2, Vco2, and EC of running (Fig 2) were icant; Table 4 ).
DISCUSSION
In the present study, we found that preexercise inhaled DSCG reduces VE and Vo2 during incremental exercise in asthmatic children without a substantial reduction of FEV1, ie, less than 15 percent from baseline, after the end of exercise, as compared with a test without premedication. As the FEV1 fall cutoff after exercise, we chose 15 percent because this is the conventional criterion to detect EIA and prescribe premedication.'1214 Values of VE and Vo2 were not different at rest between baseline and the premedicated test, but throughout the exercise these parameters were significantly lower under treatment conditions at comparable work rates (Fig 1, 2) . To evaluate a possible action of DSCG on normal airways, we also studied the effect of this drug in a group of healthy children who underwent the same exercise protocol, finding that DSCG does not affect gas exchange and ventilation during exercise in healthy subjects. In this manner a possible bias, ie, the presence of an unexpected effect also on normal airways, has been ruled out, confirming that DSCG has no ergogenic effects in healthy individuals. '5 In spite of the demonstrated effectiveness of several drugs in preventing EIA,'4 surprisingly little is known about their effect on ventilation and gas exchange during exercise.9'11 In a previous study on asthmatic children with EIA (mean percentage of fall in FEV1 of 33 percent), we noted that premedication with DSCG was associated with a reduction in ventilation and EC of running.11 In the present study, DSCG was administered to a group of asthmatic children without clinical and spirometric evidence of substantial bronchoconstriction at the end of an unpremedicated exercise. Although the mean postexercise fall in FEV1 (5.9 percent) was significantly higher under untreated conditions, it was within the physiologic range for normal individuals.1 thermore, according to the current guidelines of asthma care, this drop in lung function is not considered clinically relevant and therefore premedication is not usually recommended.12 '13 In addition, the difference in the percentage of fall in FEV1 and the difference in VEmax between the two tests were not related, suggesting that the modifications of postexertional airflow are not associated with the ventilatory adjustments during exercise. In other words, a fall in FEV1 less than 15 percent from the baselinethe accepted cutoff to detect EIA-does not exclude an impairment of acute physiologic response to exercise in terms of greater ventilatory work load and 02 cost of breathing, as we found in these children when evaluated without premedication.
In the presence of airway obstruction, the flow limitation and the higher pulmonary volume can account for the greater VE and oxygen cost of breathing during exercise,7 18 and so the prevention of airway caliber reduction seems to be a major mechanism to improve gas exchange. Other pathophysiologic mechanisms, however, should be involved in asymptomatic asthmatic subjects, like our patients, in whom a substantial FEV1 fall did not occur.
The involvement of small airways may be suggested by the reduction of FEF25-75%21 in test without premedication (Table 1) . Due to the great variability of this measurement, there was no statistically significant difference between the postexercise FEF25s75% in the two tests. Nevertheless, it is possible that this variability has masked changes in the more peripheral part of the bronchial tree. In effect, abnormal airway responses, such as dynamic changes in the bronchomotor tone and alterations of alveolar ventilation to perfusion matching, have been described during exercise even in asymptomatic asthmatic subjects with normal tests of airway function. In the aforementioned situations, the ratio of physiologic dead space to tidal volume (VT) fails to decrease normally or tends to increase during the exercise,17 and thus the regional unevenness of ventilation-perfusion ratios can result in a higher VE for the work rate performed. 26 We have found that in test A, a greater VT accounted for the higher ventilatory requirement at comparable work loads, whereas respiratory rates were unchanged. A similar change in VE and VT, along with a higher ratio of physiologic dead space to VT, has been described during exercise in asthmatic children with respect to normal subjects.5'6'8
On account of the variability in aerobic power and working capacity reported in asthmatic subjects, as compared with normal individuals,5'10 we previously emphasized the usefulness of the EC of running, ie, the energy required above resting to transport the subject's body per unit distance, as an index of the efficiency of energy utilization. 19 In the present study, we found a significantly lower EC of running when asthmatic subjects were pretreated with DSCG, with reduced levels of Vo2 and VE at comparable work loads. Hyperventilation present at any level of exercise is thought to increase the cost of breathing in asthmatic patients. 27 Casan and coworkers28 showed that, incrementing added dead space, Vo2 increases more than with an added resistance, demonstrating that changes in physiologic lung volumes may influence the oxygen cost of breathing and the overall energy expenditure of the body. We speculate that in untreated subjects the higher EC of running is related to the higher ventilatory request.
Up to date, several mechanisms of action have been proposed for DSCG in the prevention of EIA, '4 but to our knowledge, no data are available about a possible effect of the drug on the ventilation and gas exchange in exercising asthmatic subjects. Only Terada et a129 described a possible effect of cromolyn sodium on gas exchange, showing a reduced CO2 accumulation in dogs undergoing high-frequency ventilation. Recently McFadden30 postulated that DSCG could modulate the response of the airway microvasculature to exercise. In our case, this looks like an intriguing hypothesis that could account for an action of the drug on small airways.
In conclusion, we found that DSCG is effective in reducing the ventilatory demand and the EC of running during a maximal treadmill exercise also in asthmatic children who present a postexertion FEV, reduction lower than 15 percent from the baseline. The greater ventilatory requirement occurring during the run in asthmatic children without premedication seems not to be related to the degree of airflow limitation, measured by a standard spirometric parameter such as FEV1, at the end of exertion. This finding suggests that, even in the presence of a mild degree of postchallenge airway obstruction, asymptomatic asthmatics could present slight abnormalities of gas exchange during exercise.
